population genetics analyses, depending on selected individuals and chosen missing data threshold. Although the GBS approach outputs datasets with considerable missing data, it also provides a cost-effective genome-wide picture of genetic diversity and structure. Visualizing population structure We visualized population structure among all regions sampled using 2 methods: principal SNPs. We replaced all missing data by their mean over all individuals prior to PCA. The R 1 8 3 packages adegenet and ade4 were used to convert data files and perform a centered PCA. To 1 8 4 characterize further population structure within the dataset, we used the program STRUCTURE, first performed exploratory runs with run lengths from 10k to 100k after a 10k burnin and 3 1 8 7
replicate runs for each run length. For K≤4, a run length of 50k was sufficient, whereas for K>4, 1 8 8 a run length of 100k was necessary. We used the independent allelic frequency model and the 1 8 9
admixture ancestry model for all runs, and performed 3 runs for each value of K between 1 and 1 9 0 6. Temporal patterns of diversity and structure To infer the role of founder individuals and subsequent migration in the development of genetic diversity of the Kodiak-Afognak population, we selected all sites with less than 20% 1 9 5 missing genotypic data for trees with age estimates. This dataset (120 SNPs, 412 trees) was used to estimate the year of first observation of each allele in the growing population. A 1000-1 9 7
replicate randomization was applied to model the random distribution of allele accumulation 1 9 8 curves against which to test significance of the observed results. To reconstruct the changes in data over the whole sample were used. As the WC estimator is sensitive to unbalanced sample Site-level summary statistics 2 0 8 8 Using SNPs that were well represented in each region (< 60% missing data across the 2 0 9 sample), we calculated expected heterozygosity, F ST and allelic richness at the site level using the 2 1 0 R packages adegenet, hierfstat and PopGenReport, respectively. The latter uses the methods of
El Mousadik and Petit (1996) , which corrects for variable sample sizes through rarefaction.
1 2
Changes in dissimilarity between sites over time on the Kodiak Archipelago were estimated 2 1 3 using the dissimilarity calculations of Petkova et al. (2016) . Estimates at the individual tree level 2 1 4 rather than allele frequencies (such as F ST ) better suited our temporal analysis at the local scale 2 1 5 due to low within-site sample sizes for each cohort. Briefly, we computed a matrix of genetic 2 1 6 distance between pairs of individuals using the average squared genetic difference across all 2 1 7 well-represented SNPs (<50% missing data). We then calculated D, the mean genetic distance between sites. To avoid confounding effects of within-site differences and better represent 
Results

4
Demographic patterns from tree rings 2 2 5
We successfully estimated tree ages for a total of 607 samples (N=412 on the Kodiak Archipelago, N=195 in the Seward region on the Kenai Peninsula), evenly distributed among 2 2 7 four canopy levels. Estimated tree ages ranged from 5 to 552 years. Canopy trees were generally and ages of large canopy trees differ considerably between regions: the largest canopy trees are 2 3 0 younger in regions closer to the range limit (Figure 1b) . To obtain a finer resolution of the spatial 2 3 1 demographic patterns, we calculated the mean canopy age at sites within regions ( Figure S1 ). Canopy age at all Seward sites was around 250 to 300 years, with overlapping standard errors. From these relatively consistent estimates, we deduced that canopy age will not correlate with colonized more than 1000 years ago (Jones, 2008; Mann & Hamilton, 1995 especially on Afognak Island (i.e., A1 and A5, Figure S1 ). The large variability in canopy age 2 4 5 among areas at a similar latitude (i.e., K3 and K4, Figure S1 ) suggests that colonization on the Kodiak Archipelago occurred via patchy dispersal rather than a linear advancing wave.
4 7
We detected a signal of canopy closure using data from early-age annual growth Peninsula (S1 to S5) showed any significant relationship between growth increment and time for Afognak Island show moderately large growth rings (2-4 mm) for older trees (A1 to A5).
5 5
Another strikingly different pattern is that all sites but one on the Kodiak Archipelago present Island earlier than the period for which we have data, and that the detected signal corresponds to 2 6 5 a slow increase in stand density. Finally, we computed the cumulative distribution of establishment dates of canopy trees 2 6 7 in both the Kodiak Archipelago and Seward populations ( Figure 3a ). There was a sharp increase The cumulative distribution of the Seward sample suggests that this shift is not due to intrinsic before 1700 on the archipelago. Genetic structure and diversity in space and time Both PCA plots ( Figure S2 ) and STRUCTURE analyses ( Figure S3 ) suggest that 2 8 0 population differentiation is moderate and mainly separates Seward from the other populations. To determine how the present regional pattern of population structure evolved, we Genetic diversity decreased towards the expansion front for both allelic richness and outside of those sampled, or from P. glauca populations north of the archipelago. Heterozygosity To determine how quickly the Kodiak-Afognak populations acquired their current allelic 3 0 3 diversity, we built an allele-accumulation curve (Figure 3c ) and compared it to a null model of 3 0 4 comparable sample sizes. We found that most alleles present in the data were acquired between 3 0 5 1620 and the mid-1700s, a trend confirmed not to be an artefact of sampling effects. Patterns of genetic structure and diversity at the colonization front 3 0 8
Expected heterozygosity calculated for each sampled site using all SNPs that are 3 0 9 polymorphic ranged from 0.11 to 0.28 across the Kodiak Archipelago (table 1) . There is no To test the hypothesis that colonization leads to genetic sectors on the landscape, we Archipelago than among areas on Seward would suggest the presence of such colonization- between sites on the archipelago, similar to those observed among Seward sites. This could be 3 2 0 due to high gene flow among sites after long-distance dispersal founding events, making genetic 3 2 1 sectors too transient to be observable in current datasets. Alternatively, it could be due to a propagules came from one, already depauperate source population. To test these alternative hypotheses, we took a landscape genetics approach and calculated genetic dissimilarity among sites at different distances within the Kodiak Archipelago and at four different times, and studied the change in dissimilarity between sites over time ( Figure 6 ). Dissimilarity between sites in 3 2 7 1710 was significantly higher than during subsequent centuries: We observe average Studying the evolution of long-lived organisms such as temperate tree species is and sites within regions at the expansion front of P. sitchensis, we were able to describe 3 3 9 demographic and neutral genetic patterns of forest establishment at the regional and local scale. between temporal trends in demography and genetic structure of P. sitchensis populations over for Afognak Island. As these estimates were also calculated for the Seward population, known to 4 1 2 be several thousand years old, the power and limitations of these estimates can be established. Island. The complementarity of these two estimates is best illustrated with the Afognak Island Our results suggest that the evolutionary potential of wind-pollinated tree species is more 4 3 0 likely to be limited by slow demographic growth than by slow accumulation of genetic diversity.
3 1
We showed that in spite of a slow initial population growth, allelic richness recovered during this period up to levels comparable to nearby source populations. We also showed that geographic populations suggests an Allee effect, whereby the reproductive ability of establishing trees is
limited firstly by a long phase of juvenile growth, and secondly by a higher dependence on
foreign pollen fertilizing local mature trees when population densities are low. This potential
Allee effect could keep a colonizing tree population in a vulnerable state and contribute to the help species movements in response to a rapidly changing world. Jon Degner for valuable help in the field, and Pia Smets for her help in pre-field preparations. Bulletin of Torrey Botanical Club, 41, 381-385. migration rates across the range of Sitka spruce (Picea sitchensis). Proceedings. Landscape genomic insights into the historic migration of mountain hemlock in response Kitamura, K., Matsui, T., Kobayashi, M., Saitou, H., Namikawa, K., & Tsuda, Y. (2015) . 
